Promoting adherence to asthma treatment is an essential aspect of clinical practice. Approximately 60% of asthmatic patients are non-adherent to asthma regimen, resulting in adverse outcomes and higher costs of care. Non-adherence could be intentional (perceptions of asthma severity, self-manage therapy, fear of side-effects) or non-intentional (forgetful, cost, and misunderstandings). Adherence can be evaluated by patient's reporting, dose counter, electronic metered dose inhaler but using pharmacy records is a more cost-effective method. The most successful strategies to improve patients' adherence is to utilize the principle of patient-centered collaborative care and effective communication. Keys of communication skills consist of establishing a relationship, listening, collaborating on the treatment plan, time management, and implementing effective follow-up interventions. Interventions to improve adherence include providing reinforcement for patients' efforts to change, providing feedback on progress, tailoring education to patients' needs and circumstances and follow-up. Evaluation of health literacy is mandatory for prioritizing information from most to least critical, speaking slowly, avoiding medical jargon, and spending minimal extra time during each visit. Communication technology including texting or interactive voice response is another new strategy that can increase adherence.
. This non-adherence burdens both the healthcare costs and undesirable clinical outcomes. The cost of asthma in the industrialized countries such as the USA was reported to be as high as 1% -2% of total healthcare expenditure [2] , not including indirect costs such as lost productivity. The impact of non-adherence on asthma is significant, including frequent asthma exacerbation, increased frequency of emergency visits, and hospitalization. This review article focuses on medication non-adherence and relevant strategies to promote adherence.
Medication Non-Adherence
Despite the advancement of bronchodilators and inhaled corticosteroids, a significant portion of patients continues to experience poor asthma control. One hypothesis is the presence of a phenotype that corresponds to airway inflammation resistant to medications [3] . This group of patients will require repeated, and prolonged oral corticosteroid (OCS) treatment and this predisposed them to a higher risk of medication side effects. Zazzali et al. demonstrated the use of OCS for greater than 30 days per year is associated with higher risk of corticosteroid-related adverse effects [4] . However, the most significant challenges adherence includes inadequate or inappropriate inhaler technique as well as accessibility to medications. One study showed that patient's confidence on correct inhaler usage was low [5] .
Evaluating non-adherence can be challenging in clinical practice because there is no standardized method. One study showed that patients frequently over-report their degree of adherence [3] . There are various techniques for adherence monitoring, include dose counters, prescription refill record and electronic monitoring devices to detect adherence; however, cost-effective needs to be further studied.
In general, non-adherence can be divided into two categories: non-intentional and intentional (Table 1) . Forgetfulness, cost, and misunderstandings are instances of non-intentional. However, the majority of non-adherence is intended, as patients make conscious decisions based on perceptions of the burden of illness and medical therapy. Furthermore, it could be fear of side-effects, cultural Table 1 . Non-adherence, modified from GINA guideline 2017.
Non-intentional factor
Intentional factor issues, lack of understanding of self-manage treatment, and effective patient-doctor communication.
Age may also play a role of non-adherence. In the pediatric population, child knowledge of asthma has been associated with medication adherence [4] , but older children are less adherent than their younger counterparts [5] . From these results, children should have some understandings related to disease and management strategies. In adolescents, adherence is even lower due to questioning of the asthma diagnosis, poor understanding of the nature of asthma, perceiving it as an intermittent rather than a chronic condition, medications taken on as-required basis rather than regularly, and not prioritizing asthma treatment in a busy schedule [6] [7] [8] . Educating parents regarding allergy and asthma can also improve adherence to inhaler therapy. Interesting, one study showed that skin prick test in asthma children at emergency department increased adherence to continuity clinic [9] .
Mode of delivery and dosing frequency may influence patient adherence to therapy as well. Simpler treatments are often suggestive of improved adherence;
however, the evidence for this recommendation is limited [10] [11] [12] . Unsurprisingly, a once-daily oral tablet such as montelukast is more adherent to inhaled corticosteroid [13] [14] [15] , but the adherence rate was not different in children [16] . This result might imply the importance of parental factor, which may play a role in adherence in children.
Psychological aspects of asthma including stress, anxiety, and depression may contribute to non-adherence to the medical regimen [17] . Also, family dysfunction and parental criticism have been associated with lower adherence to controller medications [18] . In adults, the best predictor of medication adherence was the presence of a significant other [19] . Similarly, anxiety seems to be associated with bronchospasm in couples with asthma, and medication adherence involves problem-solving [20] . A reasonable hypothesis for future research is that better medication adherence is associated with better problem-solving abilities [17] .
Strategies to Improve Adherence
Patient-centered collaborative care and effective communication have been introduced to improve patients' adherence. This method reinforces that patients are experts of their life and health providers act as an information provider, tailoring information that patients want to know about their health and feedback.
This shared decision-making consists of negotiation between patients and clinicians to accommodate patient goals, and preferences significantly improve adherence to asthma pharmacotherapy and clinical outcomes as shown from Wilson et al. study [21] . The results from this study also improved asthma quality of life, lower use of rescue medication, better asthma control, and lung function.
Motivational interviewing; another approach, can be briefly integrated into patient encounters to enhance motivation to change among patients not ready to change [22] . This technique helps to clarify patients' ambivalence about behavior change and build their intrinsic motivation before being provided education.
Difficulties in communication could be from many barriers [23] , including doctor-patient relationship, discouragement of collaboration, resistance by patients, literacy [24] , and language barrier [25] . However, communication skills between 2 parties can be improved using these five strategies: establish a relationship, listening, collaborate on the treatment plan, time management, and implement effective follow-up interventions, handling phone calls or text messaging (Table 2 ) [26] . This study demonstrated significant improvement in patients' adherence to their asthma medication. A step-wise approach is essential to ensure that patients truly understand their medical condition and allow for clarification of any questions that arise.
This will require an ongoing patient-doctor relationship as well as engagement in shared decision-making (SDM). Studies have shown that better communication and SDM improve adherence and thus, improved asthma outcome
. This involves identification of non-adherence and underlying causes;
follow with an emphasis on the value of the treatment regimen, as well as clarification on patient's perception of the current treatment. Additionally, providing simple and clear instructions, simplifying regimen, and provide customization base on patient's preference have been shown to be beneficial (Table 3) .
Research revealed an inadequate emphasis on asthma self-management education as recommended by The National Asthma Education and Prevention
Program. Approximately one-third of asthma patient does not receive an asthma action pain (ACT) and training on peak flow measurement, and signs and symptoms of asthma [28] . About 50% do not receive education on environmental control measures [28] . Increase emphasis on education will inevitably improve adherence.
Potential barriers to asthma control include the patient's health literacy and the patient's perception of their asthma control. Studies show that health literacy is a strong predictor of a person's health, more so than age, income, employment Table 2 . Communication skills to improve adherence. Table 3 . Key components of successful adherence promotion intervention. Providing feedback and monitoring is a powerful behavioral strategy that has shown improved adherence in electronic metered dose inhaler (MDI) or electronic pharmacy record. However, using pharmacy records to monitor and provide feedback is a more cost-effective strategy to improve adherence. In contrast to electronic MDI which is not practical and expensive [30] .
Communication technology such as interactive voice response (IVR) is a new strategy to help increase patient motivation and increase patients' ability to manage asthma. A study in children was found that IVR reminder and educational calls improved adherence with steroid inhaler that was approximately one-third higher than a control group [31] . Text messaging is another simple technology that can apply to improve patient adherence.
Conclusion
Medication non-adherence in asthma patients is a challenge in clinical practice.
Patient-centered collaborative care and effective communication skills are the foundation for promoting adherence as demonstrated by clinical evidence (Table 4) . Interventions include providing reinforcement for patients' efforts to change, providing feedback on progress, tailoring education to patients' needs and circumstances, and follow-up should be implemented. 
